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This study was conducted to assist St. Alexius Medical Center's 
Institute of Sports Medicine in the analysis of physical therapy outcomes for 
patients who underwent anterior cruciate ligament reconstruction. A 
retrospective review of data gathered by the physical therapists at this facility 
was performed and statistically analyzed to ascertain the clinical and functional 
effectiveness of treatment. This outcomes analysis will assist in illumination of 
practice patterns and provide a measure of clinical effectiveness for The St. 
Alexius Institute of Sports Medicine. The results of this study will be useful as an 
internal measure as well as an informative tool for substantiating treatment to 
third party payers. 
Satisfactory longitudinal outcomes (one year post surgery) were 
found in the vast majority of clinical parameters analyzed. On average, knee 
range of motion measurements were within normal limits and protocol goals. 
Knee laxity displayed acceptable anterior displacement values indicating ACL 
graft stability. Cybex isokinetic testing revealed strength gains in quadriceps and 
hamstrings throughout the rehabilitation period and values for peak torque, total 
work, and hamstring to quadriceps ratio were all within protocol goals and 
comparable to preceding studies. Subject assessment of function during daily 
activities was highly rated and objective functional hopping test scores indicated 
viii 
stability, coordination, and proprioception in the surgical extremity. Questionable 
outcomes requiring further research were found in the isokinetic measurement of 
quadriceps peak torque to body weight ratio and number of clinical visits. 
ix 
CHAPTER 1 
INTRODUCTION AND LITERATURE REVIEW 
Change is inevitable and none are immune to it. Its effects are far 
reaching from the broad spectrum of a system to the individuals served. Today's 
health care system is in the grips of many changes which have made an impact 
on individual providers and receivers of care. 
Driving Factors of Change 
Cost containment to allow affordable medical coverage for all citizens is 
among the most hotly debated of topics and the cause for many of the transitions 
currently being experienced in the medical system. Government has called for 
complete reform oUhechealthcare system, but is yet unable to find a workable 
solution to address the needs of all involved. In the meantime, calls for cutbacks 
in several sectors of the health care industry are occurring. The Medicare 
program is a prime example. The rate of Medicare spending is of grave concern, 
causing heated debate in Congress as it proposes bills to curb costS. 1-3 If the 
current rate of Medicare costs continue a balanced budget will be difficult to 
achieve, yet additional cuts in Medicare coverage may be detrimental to 
recipients. Discussion continues over whether to require Medicare subscribers to 
pay a portion of the cost of care or to decrease reimbursement to medical 
providers for services rendered. A delicate balance must be found between the 
two. 
Perhaps the biggest changes seen in recent years have occurred as a 
result of managed care, which is an organizational attempt to control or manage 
the use of services by the patient.4 Approximately 67% of Americans are 
privately insured by managed care organizations. 5 The Health Maintenance 
Organization (HMO) is the most common among them.6 For those patients 
involved in managed care programs, an unlimited choice of medical providers 
does hot exist. Instead, the patient must choose from a pool of providers 
participating with their managed care organization. Provider reimbursement for 
services is made under the discretion of the managed care insurer. 
Because of specific treatment allowances, documentation and discharge 
requirements, managed care influences decisions surrounding patient treatment 
from the first day the patient is seen by the health care professional. 7 Proponents 
state enhanced quality of care and cost-effectiveness.2.4 Others contend that 
under the managed care system many patients have been denied the treatment 
they need while health care professionals have been unable to make the best 
treatment decisions.2 To a great extent, patients and health care providers have 
lost their ability to choose treatment options, placing more control over patient 
care in the hands of third party payers. 
Due to concern about reimbursement, a natural arena of competition 
between providers of care emerges. If Provider A delivers care with the same 
results as Provider B, yet does so with fewer visits and associated costs, 
reimbursement by third party payers may be withheld, or at the very least 
questioned for Provider B. In response to increased competition, providers must 
find a way to deliver the most efficient and effective means of treatment to their 
patients, or run the risk of losing them to other providers. Patients will seek care 
2 
where they are guaranteed coverage while providers will do all they can to 
receive reimbursement. 
Results of Change 
Quality, access, and cost concerns therefore appear to be the major 
driving forces behind health care reform.8 As a result, closer scrutiny is being 
paid to the care provided. Medical providers are being held accountable for the 
effectiveness, cost and quality of treatment. Unfortunately, the clinical 
effectiveness of many health services is not well known. 9.lo To prove that 
patients are indeed receiving clinically effective yet cost efficient care, providers 
have turned to the measurement of patient outcomes. According to 
Donabedian,11 outcomes reporting is the best method of proving the end result of 
quality health care. Collection of outcomes data allows for quantitative proof of 
patient benefits of care, 12 while allowing payment to be made for treatment which 
is clinically effective.9 
The terms outcomes, outcomes data and outcomes measurement are 
current buzz words in the medical industry, but exactly what do they mean? 
"Outcomes are results", says Linder.13 She goes on to say that "Outcomes 
measurement in medical care is the assessment of these results to evaluate 
effectiveness of care". It allows the medical provider an opportunity to support 
treatment choices by documenting how and what treatment is done, as well as its 
effect on patients. Through the collection and analysis of outcomes of treatment, 
quality of care be proven. 
The typical process of outcomes research involves evaluation of clinical 
. . 10 practice patterns already In place. Patients receiving treatment for a particular 
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pathology represent the population to be used in an outcomes study. Data is 
collected during the course of treatment then analyzed to determine patient 
response, paying particular attention to the patient's return to a premorbid level of 
function. Results can then be used to develop or adjust treatment protocols for 
this pathology. Additionally, patients are able to see the results of treatment 
adding their own perspective on its effectiveness as it relates to their post-
treatment level of functioning. 
The Joint Commission on Accreditation of Healthcare Organizations 
(JCAHO) has also shown its belief in the need for outcomes measurement. 
JCAHO "is a private, not-for-profit organization [which] sets standards and 
accredits 84% of the nation's general hospitals ... ,,4 Although accreditation is 
voluntarily sought, reimbursement for governmental programs such as Medicare 
and Medicaid is not made without it. The governmental eligibility requirements 
for these two programs are considered to be met when hospitals meet JCAHO 
accrediting standards.14 JCAHO mandates quality assurance systems which 
focus on outcomes, for the purpose of monitoring and evaluating patient care.4,14 
Given their role as a governing body of sorts, it is prudent for medical providers 
to comply with their standards. 
Physical Therapy and Outcomes Measurement 
As part of the health care system, the physical therapy profession has felt 
the heat of accountability, making outcomes research a top priority. Physical 
therapy interventions used to treat disability and plan for discharge are enhanced 
through the development of outcomes measurements.15 Professional 
organizations associated with physical therapy are supporting these changes as 
well. The by-laws of the American Physical Therapy Association (APTA) state as 
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one of its objectives, "improve the art and science of physical therapy including 
practice, education and research".16 The association strongly encourages its 
members to participate in outcomes research and has published a bibliography 
of physical therapy outcomes research already conducted. 1o 
One medical provider has seen the wheels of change in motion. Realizing 
the need for physical therapy outcomes measurement, St. Alexius Medical 
Center's Institute of Sports Medicine decided to begin this process and thus the 
analysis of their data became the focus of this study. When determining the 
group of patients on which to gather information, St. Alexius looked to one of its 
largest rehabilitation populations: the patient with Anterior Cruciate Ligament 
(ACL) reconstruction. 
The Anterior Cruciate Ligament 
A review of the literature reveals that musculoskeletal impairments 
constitute a large number of conditions for which patients seek medical care. 17 
Costs associated with disability resulting from these impairments rank in the 
billions, according to a 1972 study.18 It can be assumed that these costs have 
only continued to rise given present day pricing. Cunningham 19 reports 32.6% of 
people between the ages of 25 and 74 years are affected by musculoskeletal 
impairments, as observed by a physician upon examination. Of these 
musculoskeletal conditions, knee pathologies ranked second in prevalence. This 
fact is substantiated by Jette, et al,20 who found knee and hip pain to be the 
second most frequent reason to seek physical therapy, according to discharged 
patients. In particular, the ACL is both the most commonly disrupted ligament in 
the knee and the most commonly disrupted knee ligament causing pathologic 
motion.21 ,22 The incidence of ACL disruptions continues to rise with increasing 
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participation in high-risk sportS.23 In terms of patients affected and potential 
dollars involved in treatment, it appears that St. Alexius' choice of ACL patients 
as a place to begin physical therapy outcomes measurement was appropriate. 
Disruption of the ACL typically occurs early in life. If left untreated, 
patients may find it necessary to limit their activity level secondary to instability 
and pain within the knee. This oftentimes means withdrawing from sporting and 
recreational activities or, in some cases, finding it difficult to perform activities of 
daily living. The person with chronic instability may experience premature 
arthritic changes and other internal derangements.24 Many factors such as age, 
level of activity and degree of degenerative changes within the joint need to be 
considered before deciding to pursue surgical repair of the torn ACL. 
If the decision is made to reconstruct the ACL, various surgical procedures 
exist, each with its own advantages and disadvantages. The orthopedic 
surgeons associ<;l~ed vyith.St..Alexiu.s utilize the autogenous bone - patellar 
tendon - bone reconstruction procedure for the vast majority of their patients. 
Although not a requirement for inclusion in this study, all of the subjects had their 
ACLs repaired using the patellar tendon graft. The central 1/3 of the patellar 
tendon was reported by Larson and Friedman23 to be the graft selected most 
often in 1995 and "most series report 85% to 90% good or excellent results". 
Several ACL rehabilitation protocols for post-surgical intervention exist as 
well. The physical therapists at the Institute of Sports Medicine have developed 
an accelerated ACL protocol (Appendix A) using many of the concepts 
developed by Shelbourne.25,26 Improved functional outcomes are associated 
with Shelbourne's 25,26 accelerated program compared to traditional ACL 
rehabilitation protocols. The basic premises of early and full range of motion, 
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good quadriceps control and a general early return to activity have been 
incorporated into the Institute's rehabilitation protocol. To provide a strong base 
of support in evaluating the clinical effectiveness of their treatment protocol, this 
study will scrutinize several variables reported at predetermined intervals during 
the course of rehabilitation. They include knee range of motion, graft integrity, 
quadriceps and hamstring strength, overall function and the number of clinical 
visits. The results will be compared to the St. Alexius ACL protocol goals and the 
findings of previous research to indeed verify positive outcomes. 
Problem Statement 
Providers of health care are facing a challenge as they attempt to answer 
to the pressures for change exerted by government, third party payers and their 
clients. The use of data collected from outcomes appears to be the path which 
will allow easier decisions to be made during policy making, resource 
appropriation, reimbursement and patient care. Ultimately, all parties involved 
will reap the benefits. 
Little is known about the clinical efficacy and demands of differing physical 
therapy treatment appro<;lches. In light of the need for managed care, 
competition, accreditation requirements, cost containment, reimbursement 
issues, and quality patient care, it is imperative that physical therapy providers be 
proactive in determining the most efficient course of patient treatment through the 
use of outcomes studies. 
Recognizing the need for outcomes measurement, the management at St. 
Alexius' Institute of Sports Medicine made the decision to begin this process. An 
outcomes study of ACL patients had not yet been undertaken at their facility. 
With the high incidence of ACL injuries in the general population and costs 
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associated with this pathology, St. Alexius chose to target this population of 
patients to begin their outcomes measurement. 
Purpose of Study 
St. Alexius Medical Center takes pride in its role as "A Center of 
Excellence", adopting this philosophy as its motto. Continual quality 
improvement, as proven by the reporting of patient outcomes, assures the 
medical center of this high standard of care. 
The purpose of this research study is to assist St. Alexius in the analysis 
of outcomes for patients who underwent ACL reconstruction and subsequent 
physical therapy. At specific intervals in the physical therapy process, various 
measurements were recorded. The data collected will be statistically analyzed to 
evaluate the clinical effectiveness of treatment provided for this group of patients 
and will attempt to answer the following research questions. 
Research Questions 
Research Question #1: What is the typical patient profile at each phase (5, 
10/12,24 and 52 weeks) as measured by the parameters: knee range of motion, 
anterior cruciate ligament laxity, quadriceps and hamstring strength, and 
functional performance? 
Research Question #2: What is patient level of function and number of clinical 
visits at the three month phase when insurance coverage typically expires? 
Research Question #3: Does the type of surgical procedure, (inpatient versus 
outpatient) influence outcomes? 
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Research Question #4: Is there a difference in outcomes based on the physician 
performing the ACL reconstruction? 
Research Question #5: Do the outcomes reported by st. Alexius compare with 





Following ACL reconstruction, individuals were offered the opportunity to 
participate in a longitudinal outcomes study during rehabilitation at St. Alexius 
Medical Center. Each signed a consent form during the rehabilitation process. 
Rehabilitation and data collection were performed by the physical therapists at 
st. Alexius' Institute of Sports Medicine. 
Using a form designed by the physical therapists at the Sports Institute 
(Appendix 8) subject data was recorded during the period of September 1995 to 
June 1997. As part of their routine rehabilitation program, patients were 
scheduled for periodic physical therapy follow-up examinations through a 12 
week postoperative period. The participants were invited to return for additional 
examinations at 24 and 52 weeks after surgery. These visits were offered at no 
charge to the patient and were provided to facilitate the gathering of information 
for a longitudinal outcomes study. 
Subjects selected for participation in this study were those who returned 
for follow-up visits at approximately 5, 10 or 12, 24 and 52 weeks post surgery. 
(In the early stages of data collection, patients were seen at 10 rather than 12 
weeks. That scheduled visit was changed to 12 weeks to coincide with what was 
the end of insurance coverage for most patients. As a result, data is available for 
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patients at either 10 or 12 weeks.) Because patients were not always able to 
make or keep appointments during these exact weeks, allowances were made to 
accommodate variances in the actual date of examination. Data was selected for 
study inclusion if the patient was seen at 5 and 10/12 weeks (plus or minus 1 
week), 24 weeks (plus or minus 2 weeks), and 52 weeks (plus or minus 4 
weeks). Patients who did not return for all of these visits were considered to 
have incomplete data sets and thus were excluded from this study. A total of 32 
subjects met the minimum criteria for inclusion. 
Instrumentation and Procedure 
Various measurements and test procedures were performed throughout 
the phases of rehabilitation. This study analyzed data gathered for knee range of 
motion, graft integrity, quadriceps and hamstring strength, and function. 
Knee Range of Motion 
Knee range of motion of the involved lower extremity was measured and 
recorded during each visit using a transparent plastic, double-armed goniometer 
with a full-circle protractor. Standard joint measurement techniques were 
employed, as outlined in Esch and Lepley's27 Evaluation of Joint Motion: 
Methods of Measurement and Recording. Passive knee range of motion was 
measured in a supine position. A towel roll under the subject's heel allowed 
gravity to assist in gaining knee extension. Active knee range was measured in 
the antigravity positions of short sitting for extension, and prone for flexion. 
ACL Laxity 
At 10/12, 24 and 52 weeks, a Knee Ligament Arthrometer®, Model KT-
1000™ (MEDmetric® Corporation, San Diego, CA) was used to test the laxity in 
the ACL graft. Standard testing position and procedure were employed, 
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according to KT-1000TM manufacturer's guidelines. Testing was performed in 20 
to 25 degrees of flexion on the uninvolved knee followed by the surgical knee, 
and was measured in millimeters of anterior displacement. Bilateral comparisons 
were made and laxity was recorded as a difference between extremities. 
Although several measurements were actually performed on these patients, this 
study examined the figures recorded for passive anterior displacement at 20 and 
30 Ibs of force in keeping with the forces reported most often in the literature. 
Isokinetic Evaluation 
Measurement of quadriceps and hamstring strength was performed at 
10/12,24 and 52 weeks using a Cybex 6000 (Lumex, Inc., Ronkonkoma, NY) 
isokinetic dynamometer. Positioning and gravity corrections were performed in 
accordance with the manufacturer's guidelines.28 Subjects were tested in the 
seated position with stabilizing straps placed diagonally across the chest, and 
horizontally across the lap, quadriceps and tibia. An anti-shear tibial pad was 
placed on the proximal tibia to prevent anterior subluxation of the tibia on the 
femur. The input shaft of the dynamometer was aligned with the knee joint axis 
and readings were corrected for the effects of gravity. 
Patients were asked to ride a stationary bicycle for approximately five 
minutes as a warm-up before isokinetic testing. Once seated and strapped in 
place, subjects were allowed six warm-up repetitions prior to testing at each 
speed. The uninvolved lower extremity was evaluated first, followed by 
evaluation of the involved extremity. Testing protocol consisted of four 
o 
repetitions of velocity spectrum testing at 60 and 180 /s and 30 repetitions at 
o . 300 Is. A 20 second rest was allowed between each test. Patients were given 
verbal encouragement by the physical therapists during testing . 
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For purposes of this study, the following isokinetic figures were analyzed: 
(1) bilateral hamstring and quadriceps comparisons of peak torque and total work 
at each speed tested; (2) quadriceps peak torque as a percentage of body weight 
o 0 
at 60 Is; and (3) bilateral hamstring to quadriceps ratio at 60 Is. 
Functional Assessment 
At 24 and 52 weeks, subjects were asked to complete a functional 
assessment form (Appendix C) devised by the physical therapists at The Institute 
of Sports medicine. Subjective ratings were given in the categories of 
ambulation, transfers and daily activities using a numerical scale of one (non-
satisfactory level of function) to five (satisfactory level of function). In the 
category of ambulation, subjects ranked their ambulation distance, functional 
ability to ambulate on level ground, and step over step performance on stairs. 
Toilet, bathtub, chair and car transfers were each given a rating. In the category 
of daily activities, the areas of dressing, work, and recreation were rated. 
At 52 weeks some of the subjects were asked to perform single leg hop 
tests using a four square design. This test was performed at the discretion of the 
individual physical therapist depending upon the patient's activity level and desire 
to return to higher functioning activities, such as sports. The test was performed 
for each extremity and was designed to measure stability of the involved limb 
during single leg hopping maneuvers. Two pieces of tape were laid on the floor 
in the shape of a cross. This format allowed four open squares in each corner to 
be used as a numbered pattern for single leg jumping. The squares were 
numbered from one to four beginning in the lower left corner, moving vertically to 
the upper left corner, horizontally to the upper right corner and ending in the 
lower right corner. Three 20 second tests were performed first with the involved 
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extremity, then with the uninvolved lower extremity. The first test began with 
subjects jumping from square one to four, followed by the second test from 
square one to two, and ending with the third test from square one to three. The 
number of repetitions performed for each test was recorded . Repetitions were 
defined as the ability for the patient to hop across the tape and back, cleanly (the 
front of the shoe completely clearing the tape as the hop was made and the 
entire forefoot landing on the other side of the tape) . A bilateral comparison was 
made for the number of repetitions successfully completed. (Appendix D) 
Statistical Analysis 
The data was entered into a computerized database and analyzed using 
SPSS (Statistical Package for the Social Sciences)29. Descriptive statistics for 
mean and standard deviation values were calculated for the group in each of the 
following areas: number of days between injury and surgical repair; number of 
physical therapy visits; passive and active range of motion; anterior tibial 
displacement; hamstring and quadriceps peak torque and total work at each 
speed tested; quadriceps peak torque as a percentage of body weight tested at 
o 0 
60 Is; bilateral hamstring to quadriceps ratio at 60 Is; functional ratings; and 
four square single leg hop test repetitions. 
One way analysis of variance (AN OVA) and Scheffe post hoc tests were 
used to determine the differences between physicians in each of the above 
categories. An alpha level of .05 was used for all analyses. 
Reporting of Results 
The results of this study will be used to partially fulfill the requirements for 
the Degree of Master of Physical Therapy from the University of North Dakota 
and will be published as an independent study report. The report will be readily 
14 
available for the faculty and staff at the University of North Dakota's Department 
of Physical Therapy. In addition, the results will be shared with the physical 
therapists at The Institute of Sports Medicine, the orthopedic surgeons affiliated 





Of the 32 subjects originally selected for study participation, data from 31 
charts were analyzed. One chart was excluded because the patient underwent 
bilateral ACL reconstruction during the course of data collection. Comparisons of 
measurements between extremities were therefore invalid. 
The number of subjects varied for each phase of measurement. Although 
subjects were categorized as being seen during specific weeks, they were 
actually seen within a range of time. For example, data included for the 5 week 
phase came from measurements gathered for patients who were actually seen 
from 4 to 6 weeks. Patients included in the 10/12 week phase were seen from 9 
to 13 weeks, for the 24 week phase patients were seen from 22 to 26 weeks, and 
for the 52 week phase patients were seen from 49 to 56 weeks post surgery. 
Additionally, data was not always available for each test during every visit. 
Surgery was performed on each subject by one of four orthopedic 
surgeons associated with St. Alexius Medical Center. Upon chart review, it was 
found that all subjects had the same basic type of bone-patellar tendon-bone 
ACL reconstruction. All subjects were treated using the guidelines outlined in the 
rehabilitation protocol (Appendix A) developed by the physical therapists at the 
Institute of Sports Medicine. 
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Of the 31 subjects, 19 (61%) were male and 12 (39%) were female. The 
subjects ranged in age from 14 to 45 years with a mean age of 25 (± 9.4) years. 
Within this age range, the sample was normally distributed. 
Research Question #1 - What is the typical patient profile at 5, 10/12, 24, 
and 52 weeks as measured by the following parameters: knee range of 
motion, ACL laxity, quadriceps and hamstring strength, and functional 
performance? 
Knee Range of Motion 
Average knee range of motion measurements are reported in Table 1. 
Mean passive range of motion was close to normal at 5 weeks, continued to 
improve to 24 weeks and was maintained through a one year time period. When 
comparing active to passive range of motion, an extensor lag of 5° was seen at 5 
weeks. The extensor lag continued but decreased with subsequent 
measurements resulting in a mean extension difference of just 2° at 52 weeks. 
ACL Laxity 
KT-1000TM arthrometric measurements are shown in Table 2. Force was 
applied using 20 and 30 Ibs and the difference in anterior tibial displacement 
between the operative and nonoperative knee was recorded. From initial 
measurement to final evaluation, laxity of the surgical knee increased slightly, 
however the overall mean difference between the two knees remained less than 
1.4 mm at one year. With application of 20 Ibs of force, 78% of the subjects had 










Table 1.-Mean Range of Motion Results* 
5wk 10/12 wk 
after surgery, after surgery, 
x ±SD x ±SD 
3±3;127±9 1 ± 3; 136 ± 6 
8 ± 8; 123 ± 10 4 ± 5; 131 ± 6 
23 27 
24wk 52wk 
after surgery, after surgery, 
x ±SD x ±SD 
o ± 3; 139 ± 7 0±3; 139±7 





20 Ibs force/anterior 
displacement 




Table 2.-Mean Differences for the KT-1000: 
Involved Anterior Displacement - Uninvolved Anterior Displacement* 
10/12 wk 24wk 52wk 
after surgery, after surgery, after surgery, 
x ±SD x ±SD x ±SD 
0.91 ± 2.5 0.86 ± 2.5 1.13±2.7 
1.11±2.8 0.86 ± 2.9 1.31 ± 3.0 
11 21 27 
Cybex Peak Torque and Total Work 
Table 3 displays the peak torque and total work values for extensor and 
flexor groups. A bilateral comparison of the involved to the uninvolved extremity 
was made and calculated as a percent deficit. 
Surgical knee average deficits for peak torque and total work always 
decreased over time for both knee extensors and flexors indicating strength 
improvement in these muscle groups. For each speed and week tested, deficits 
for the subjects' average peak torque and total work were similar for both flexors 
and extensors. For example, the extensor mean peak torque deficit at week 
10/12 was 44% and total work deficit was 45%, while flexor average peak torque 
deficit was 12% and total work deficit was 18%. The similarity in these two 
categories of testing gives the impression that not only were subjects able to 
produce torque, they were able to maintain it throughout the full range of motion. 
Additionally, subjects continued to progress throughout the phases which again 
suggests gradual strength increases over time. 
Cybex testing for the involved extremity always resulted in a mean deficit 
for the extensor groups whereas 7 of the 18 (39%) flexor values showed strength 
in excess of the normal extremity. This indicates that on average, the involved 
quadriceps were substantially weaker, but the involved hamstring strength was 
comparable to the same muscles groups on the uninvolved leg. 
Although the peak torque and total work mean deficits were similar to 
other studies, there was a large amount of variability between individual test 
scores. For example, at one year mean deficits for extensor peak torque and 
total work at 1800/s were 16% (± 16) and 17% (± 19) respectively with a range of 
20 
-43% to 47% and -58% to 48% respectively. Ranges in individual scores 
increased over time for extensors while flexor ranges fluctuated inconsistently. 
Cybex Quadriceps Peak Torque to Body Weight and Hamstring to 
Quadriceps Ratios 
Table 4 shows average Cybex testing results at 600/s for quadriceps peak 
torque as a percentage of body weight. Bilateral quadriceps strength values 
increased with time. Body weight ratios for the surgical extremity were less than 
the nonsurgical extremity, however the difference between them decreased with 
repeated testing, implying improvement in involved quadriceps strength during 
the rehabilitation period. Similar to previously discussed isokinetic tests, a large 
amount of individual variability was seen for the surgical knee. At one year the 
mean body weight ratio was 69% (± 26) and scores ranged from a low of 29% to 
a high of 167%. 
Table 4 also contains the isokinetic results of comparisons of the 
hamstring to quadriceps muscle groups. Early in rehabilitation, hamstring 
strength for the surgical limb was nearly equal to quadriceps strength as 
indicated by a ratio of 99% between the two muscle groups. However, in the 
final analysis this ratio dropped to 75% which may have been the result of 
improvement in quadriceps strength greater than hamstring strength. The 
hamstring to quadriceps ratio was lower throughout testing for the nonoperative 
extremity and remained relatively unchanged from initial to final testing, at which 




Table 3.-Cybex Peak Torque and Total Work Isokinetic Results 
10/12 wk 24wk 52wk 
after surgery, after surgery, after surgery, 
Test, a/sec x ±SD x ±SD x ±SD 
Extensor Peak Torque % Deficit 
60 44 ± 19 32 ± 15 21 ± 17 
180 35 ± 10 28 ± 12 16 ± 16 
300 34 ± 11 25 ± 11 17 ± 14 
Extensor Total Work % Deficit 
60 45 ± 23 29 ± 14 19 ± 16 
180 36 ± 14 28 ± 13 17 ± 19 
300 37 ± 16 26 ± 14 19 ± 17 
Flexor Peak Torque % Deficit 
60 12 ± 15 1.8 ± 8 1.3 ± 12 
180 8.8 ± 11 3.7 ± 15 0.5 ± 12 
300 13 ± 18 -2.1*± 18 -3.7*± 15 
Flexor Total Work % Deficit 
60 18 ± 29 3.9 ± 16 -.15*± 14 
180 9.1±25 -1.2*± 22 0.7 ± 13 
300 -.13*± 27 -4.1*± 27 -5.5*± 21 
- - ---------------- ----------------- ----
* Negative deficit indicates superior performance by involved extremity. 
N @ 10/12,24, 
52wk 
9,18,27 













Table 4.-Cybex Quadriceps Peak Torque/Body Weight and Hamstring/Quadriceps Ratios 
10/12 wk 24wk 52wk 
after surgery, after surgery, after surgery, 
Test x ±SD x ±SD x ±SD 
Quadriceps Peak Torque/ 
Body Weight 60 o/s (%) 
Involved 44 ± 18 58 ± 18 69 ± 26 
Uninvolved 78 ± 14 84 ± 15 86 ± 18 
Hamstring/Quadriceps 
60 O/s (%) 
Involved 99 ± 50 86 ± 21 75 ± 17 









Self-reported ratings for functional activities, transfers and ambulation are 
listed in Table 5. The reported results were very high in all categories with the 
lowest being 4.7 on a 0 to 5 scale (O=lowest functional rating, 5=highest 
functional rating). 
Averages for the four square single leg hop test are reported in Table 6. 
The number of completed repetitions was used to calculate performance as a 
percentage of the involved to the uninvolved extremity. The highest mean value 
was 104% for hopping in a side to side direction from square 1 to 4. Diagonal 
hopping from square 1 to 3 reported the second highest average performance, 
with forward and backward single leg hopping (square 1 to 2) coming in third. 
However, in any direction, the involved extremity performed at less than a 3% 
deficit and only 1 of 36 individual scores was below 80%. 
Research Question #2 - What was the patient level of function and number 
of clinical visits at 12 weeks when insurance coverage typically expires? 
Table 7 indicates the number of clinical visits at The Institute of Sports 
Medicine. The figure reported at 24 weeks represents the total number of clinical 
visits at this facility. The number of visits for patients who had been seen by their 
local therapist and who came to St. Alexius only for periodic follow up 
examinations was not included here as it would have caused misleading results. 
The average number of total visits was 16 (± 14) with a range of 4 to 64. 
Approximately one-half of the subjects were seen less than 10 times. 
At 3 months, when insurance coverage for many patients is discontinued, 
patients had been seen by the physical therapists in the clinic an average of 9.3 












4.8 ± .21 
4.7 ± .23 






4.9 ± .21 
4.8 ± .33 
4.9 ± .24 
17 
Table 5.-Four Square Single Leg Hop Test Results 




Square 1 to 2 97.7 ± 9.0 
Square 1 to 3 98.7 ± 12.4 





# Clinical visits 
N 
Table 7.-Mean Number of Clinical Visits at Institute of Sports Medicine 
Excluding Subjects Seen Concurrently at Other Facilities 
5wk 10/12 wk 
after surgery after surgery 
5.0 ± 2 9.3 ± 9 
20 25 
* Also indicates total number of visits at Institute of Sports Medicine. 
24wk 
after surgery 
16* ± 14 
25 










passive range of motion = 1 ° to 136° 
anterior tibial displacement difference (20 Ibs of force) = .91 mm 
extensor peak torque deficit at 1800/s = 35% 
flexor peak torque deficit at 1800/s = 9% 
extensor total work deficit at 3000/s = 37% 
flexor total work deficit at 3000/s = 0% 
quadriceps peak torque to body weight ratio = 44% 
hamstring to quadriceps ratio at 600/s = 99% 
overall functional rating = 4.8 out of 5.0 
Research Question #3 - Does the type of surgical procedure, (inpatient 
versus outpatient) influence outcomes? 
It was the intent of this study to compare outcomes between arthroscopic 
outpatient surgery and arthroscopically assisted open surgery which requires an 
inpatient stay in the hospital. Upon review of the charts it was found that none of 
the patients underwent the outpatient surgical procedure. This procedure has 
only recently been utilized at St. Alexius and therefore no patient had completed 
a one year rehabilitation process and/or all the requirements for inclusion in this 
study. 
Research Question #4 - Is there a difference in outcomes based on the 
physician performing the ACL reconstruction? 
An attempt was made to compare outcomes between the physicians who 
had performed the surgical reconstruction in each category, for each interval of 
rehabilitation. Because the sample size was small, breakdown in this manner did 
not allow for confidence in drawing conclusions, reporting trends, or stating 
28 
significant differences. A one way ANOVA showed no significant difference 
between physicians in any category with the exception of subjective functional 
ratings. Higher ratings were seen for surgeons who had a larger sample size, 
however with a single subject as the sample size for one physician at 52 weeks, 
any number of variables could have accounted for the lower rating received. 
Mean functional ratings for patients were still well above average for all 




This study was conducted to assist St. Alexius Medical Center's Institute 
of Sports Medicine in the analysis of physical therapy outcomes for patients who 
underwent ACL reconstruction. A retrospective review of data gathered by the 
physical therapists at this facility was performed and statistically analyzed to 
ascertain the clinical and functional effectiveness of treatment. Outcomes for 
knee range of motion, graft integrity, muscular strength, function, and number of 
clinical visits were the areas of focus for pre-determined intervals of 
rehabilitation. A comparison of outcomes to St. Alexius' written protocol 
(Appendix A) and related literature follows. 
Knee Range of Motion Outcomes 
The St. Alexius ACL reconstruction protocol contains passive knee range 
of motion goals for various phases of treatment. Table 8 provides a comparison 
between these protocol goals and actual range of motion measurements from 
this study. Satisfactory outcomes, in accordance with St. Alexius goals, were 
achieved for average knee passive range of motion at every time frame 
analyzed. Extension was gained early in the rehabilitation period and was 
maintained for the entire post operative year. At one year, 75% of the subjects 
o 
displayed 0 of passive extension while 29% reported hyperextension values. 
30 
In a study conducted by Shelbourne and Nitz, 247 subjects underwent 





Results of Study 
Table 8.-St. Alexius Range of Motion 
Protocol Goals Compared to Actual Study Results 
5wk 10/12 wk 
after surgery after surgery 
0-5° to 120-130° 0° to 130° 
3° t0127 ° 1 ° to 136 0 
24 to 52 wk 
after surgery 
Full range 
0° to 139° 
accelerated program. Knee range of motion results were as follows: at 6 to 7 
o 0 0 
weeks, subjects reported 3 of hyperextension to 121 flexion; at 6 months, 3 of 
o 0 
hyperextension to 135 flexion; and at 11 to 12 months, 4 hyperextension to 
o 
139 flexion . A subsequent study conducted by De Carlo and Shelbourne,31 
reported similar results for knee range of motion with surgical intervention 
provided by a group of surgeons, rather than a single surgeon, which more 
closely resembles the St. Alexius study. Range of motion outcomes achieved by 
St. Alexius patients were comparable to both studies with the exception of up to a 
o 0 
6 difference in passive extension. This 6 difference includes the 
hyperextension values found in other studies. 
Full knee extension can be described as extension equal to the opposite 
extremity and includes hyperextension, if present in the nonsurgical knee. The 
benefits of full extension, gained early in the rehabilitation process, are well 
documented and allow earlier return to activity with fewer complaints of anterior 
3031 
knee pain. ' Subjects lacking full extension following surgery also complain of 
crepitus with terminal extension, impaired quadriceps strength, stiffness, gait 
abnormalities, slower rehabilitation, decreased knee function, and difficulty 
25 
returning to activity. It is thought that these symptoms occur because the 
intercondylar notch fills with scar tissue blocking full extension. 
Perhaps one reason for the hyperextension values seen in 
3031 
Shelbourne's ' patients is the use of a continuous passive motion machine 
o (CPM) set at 10 of hyperextension during the hospital stay. When not on the 
30,31 
CPM, Shelbourne's program also prescribes periods of scheduled passive 
extension and cryotherapy. At St. Alexius, CPM utilization is under the discretion 
of each orthopedic surgeon and may not be used consistently, if at all. Passive 
32 
o 
extension to 0 and cryotherapy are part of the written protocol but the regime is 
not strictly scheduled and the actual procedure for encouraging passive 
3031 
extension may vary somewhat in comparison to Shelbourne.' Similar to other 
accelerated ACL programs, the St. Alexius protocol encourages hyperextension 
only if the patient displays similar range in the nonoperative knee. Future St. 
Alexius studies should investigate hospital use of the CPM, passive extension, 
cryotherapy, and the correlation of each to knee dysfunction, early return to 
activity, and anterior knee pain. 
Dynamic stability relies in part upon the ability of the patient to 
demonstrate active terminal extension, especially important in ambulation. At 
o 
one year, the 2 extensor lag for this group of subjects falls within what may be 
expected due to intratester and/or intertester error. However, some individuals 
o 
lacked up to 15 of active extension and each would need to be addressed 
individually for determination of the reason and the effect of limited motion on 
performance of activities. 
ACL Laxity Outcomes 
KT-1000TM arthrometric measurements are a reliable indicator of 
32 
tibiofemoral excursion and thus knee stability. This instrument can therefore be 
utilized to determine the stability of the ACL graft and the effect of the 
rehabilitation program on graft strength. Several studies have concluded that the 
accelerated ACL protocol does not cause graft weakening nor compromise knee 
stability based on the findings of laxity at one year after ACL 
25,30,31 
reconstruction. With the displacement values reported in this study at one 
year, it can be said that similar results were found. 
33 
Several options for the determination of the amount of anterior tibial 
excursion are available for the clinician. Among these options are the amount 
and direction of force, and single knee measurement versus a side to side 
comparison. Research has shown that a 20 Ib force application is advantageous 
for several reasons. First, the patient can easily tolerate this amount of force 
early in the post operative period. Second, it is a safe force, which will not 
damage the graft, and finally, the force is large enough to show laxity in the 
33 joint. While use of other force values are not necessarily unreliable, the 20 Ib 
force is often used by researchers and allows comparison between studies. 
Facilities may also choose to report single knee measurements or 
differences between knees. Reporting of a paired differences rather than 
3435 
individual knee measurements is the most reliable method of measurement. ' 
Since the degree of muscular relaxation may vary from day to day, use of single 
knee measurement may not allow for accurate comparison. If the patient is 
unable to relax one limb it is likely that the second limb may be tense as well. 
Use of a difference value should eliminate this potential source of error. 
Research has also suggested that accuracy is higher with measurement of total 
34 
anterior/posterior displacement rather than just anterior or just posterior. 
The KT-1000TM was used in this study to measure bilateral anterior 
displacement for determination of a side to side difference. Measurements were 
taken using 20 and 30 Ibs of force. At one year, surgical knee ACL laxity for the 
group was measured as a difference of just 1.13 mm with application of a 20 Ib 
force and a 1.31 mm difference with 30 Ibs of force. One subject displayed an 
extreme anterior tibial displacement difference of 8 mm measured at 6 months 
with application of 20 Ibs of force. Laxity continued to increase for this subject 
34 
resulting in a one year difference of 9.5 mm. Removal of this chart from the pool 
of subject data would have resulted in an average anterior tibial displacement 
difference of just .81 mm at one year with application of a 20 Ib force. (Initially, it 
was felt that the extreme laxity for this subject may have been due to tester error. 
However, further review of the chart revealed that a single, experienced clinician 
performed all measurements, with intratester measurement of the nonsurgical 
knee on separate days no greater than1 mm. Interestingly, functional ratings for 
this subject were reported as 5 out of 5, passive range of motion values revealed 
knee hyperextension with flexion slightly above normal, and isokinetic testing 
reflected strength values in excess of normal ranges for all muscle groups. Aside 
from the excessive KT-1000TM measurement, this subject displayed satisfactory 
outcomes.) 
Differences in procedures between studies make it difficult to compare the 
findings in this study to those found in the literature. In a study conducted by 
BUSS,36 84% of subjects showed a displacement difference of no greater than 3 
mm between knees. However, the arthrometric test measured total 
anterior/posterior displacement with manual maximum stress applied. 
Additionally, while some of the patients in the study underwent autogenous 
patellar tendon graft reconstruction, iliotibial tract augmentation was also 
30,31 
performed in others. In two separate studies conducted by Shelbourne, 
displacement was found to be 1.8 and 2.08 mm at one year with application of a 
20 Ib force however, it is unknown if the test measured total anterior/posterior or 
just anterior displacement. Daniel,36,37 reported a right to left knee difference of 2 
mm or less in normal knees for 92% of subjects in one study, and 88% of 
subjects in another study. Other unknowns in previous studies consisted of the 
35 
type of rehabilitation protocol used, the number of testers performing arthrometric 
measurements, and the amount of time between surgery and data collection. 
The therapists at The Sports Institute set a desired arthrometric standard 
of no greater than 2 mm of right to left knee difference. Based on their 
standards, and if it can be assumed that an anterior displacement difference of 2 
mm or less is found in the majority of a normal population, then the subjects in 
this study could be considered to have met satisfactory outcomes on average. 
Iso kinetic Strength Outcomes 
With over 700 published articles and research studies documenting safety, 
accuracy, and effectiveness, isokinetic evaluation is accepted as a reliable and 
28 
well known tool for determination of muscular strength. The challenge comes 
in the correct application of specific test results to the normative data available in 
the literature. Normative data is intended to be used as a guideline in 
determining patient status but should be used with caution. When utilizing 
normative data for comparison, it is important to consider the validity and 
reliability of the study, and the match between the study population and the 
parameters used for testing. With these limitations in mind, an attempt was 
made to compare the results of this study to previous research. The conclusions 
are provided for use in determining satisfactory isokinetic outcomes. 
38 
Davies published his second edition Compendium for Isokinetics in 
1985. Most of the normative data used by St. Alexius is taken from this 
document however, it should be noted that some of the information was compiled 
before the advent of gravity correction in isokinetic computer systems. Therefore, 
comparisons between current testing results and those found in the Compendium 
should be made with this fact in mind. 
36 
Both flexor and extensor groups in the St. Alexius study produced peak 
38 
torque in excess of Davies suggested norms for ACL patients at 6 months post 
30 
reconstruction. (See Table 9) Shelbourne and Nitz tested quadriceps peak 
o 
torque at 180 Is and found a 25% deficit at 4 to 6 months and a 9% deficit at one 
year. Although slightly greater, the current study showed comparable results of 
28% and 16% deficits for the same speed and time periods. Other studies 
measured quadriceps peak torque at unreported speeds and exhibited deficits 
39-41 
ranging from 13% to 26%. 
As anticipated, subjects in this study gained quadriceps and hamstring 
strength during the rehabilitation period as demonstrated in the results for peak 
torque and total work. It was not a surprise to find greater strength deficits in 
extensor groups due to the nature of the surgical procedure and its disruption of 
the normal biomechanical properties of the knee. These findings are 
substantiated in the Iiterature.28,30,38,39-41 Quadriceps strength gains throughout 
the testing period were reflected in decreasing peak torque deficits between 
extremities and decreasing hamstring to quadriceps ratios with the progression of 
time. 
Quadriceps strength improvements were also seen in the measurement of 
quadriceps peak torque to body weight. Although the quadriceps gained strength 
causing a decrease in the difference in scores between extremities, the peak 
torque to body weight ratio was still low on average. The normative data used for 
38 
comparison by St. Alexius, provided values by the categories of gender. (See 
Table 9) A breakdown of isokinetic results by gender was not a part of this study 
however, the average result of 69% for quadriceps body weight ratio for all 
subjects at one year was less than the lowest normative value for females. 
37 
Table 9.-Comparison of Cybex Study Results to Normative Data 
From the Compendium for Isokinetics 
Test, a/sec Compendium 




















Quadriceps to Body Weightt 
ratio @ 60 o /sec (%) 
female 100 
male 80 
Hamstring/Q uad riceps 
ratio @ 60 o /sec (%) 60-69% 
* Comparison at 6 months after surgery with gravity correction 
t Comparison at 1 year after surgery 

















28 Comparing the results to average normative figures provided by Cybex (73% 
42 
for females and 85% for males), and in a study by Rosenberg (78%), the St. 
Alexius study results are again found to be low. Some researchers suggest that 
because strength is so individualistic, the most accurate comparison is made to 
43 
the subjects' opposite extremity. Using this rationale, the surgical knee in this 
study is still lacking 17% strength on average compared to the nonsurgical knee. 
The fact that by one year patients were unable to strengthen their quadriceps on 
the surgical extremity to a level closer to the normal extremity may be of some 
concern. 
Comparing the actual deficit values at one year for hamstring peak torque 
to Davies38 normative data (Table 9), St. Alexius subjects exceeded the 
44 
expectations of their protocol. Shiraiski reported average deficits of 4.1 % for 
o 
males and 4.9% for females tested at 60 Is. Other studies ranged from -2% to 
39-41 
9% deficits but no test speeds were reported with these deficit values. With 
o 
an average deficit at one year of just 1.3% for a 60 /s test speed, actual study 
outcomes for hamstring peak torque were similar to literature findings and 
positive overall. 
The hamstring to quadriceps ratio is said to be one of the most analyzed 
45 
ratios. A high degree of variability in this ratio is seen in the literature (range of 
30% to 90%) with most reports recommending an optimum ratio of 50% to 
~ ~ 0 
80%. Kannus found that healthy knees tested at 60 /s produced a ratio of 
60%, and at an average of 8 years after a minor injury, involved knees produced 
hamstring to quadriceps ratios similar to the opposite extremity. Comparison of 
38 
st. Alexius subject results to Davies reflects positive outcomes as subject 
39 
scores were within the normative parameters. (See Table 9) Study results 
exceeded the Cybex28 recommended range of 50% to 70% as well. 
The variability seen in individual isokinetic scores for both muscle groups 
is not uncommon. There are many variables to account for the range of 
individual scores such as subject motivation levels, degree of surgical 
intervention, gender, age, and simple differences between subject strength 
overall. This variability is inherent within the normal population and again makes 
comparisons to normative data tenuous. 
In summary, isokinetic testing resulted in satisfactory outcomes for all 
tests with the exception of the quadriceps peak torque to body weight ratio which 
was below St. Alexius' desired levels. 
Functional Assessment Outcomes 
The functional ratings assessment form (Appendix C) was developed by 
the physical therapists at the Institute of Sports Medicine after review of various 
functional tools in use at other facilities and in conjunction with their own 
parameters. The form allowed self reporting of function in daily activities as a 
result of, or in spite of, their ACL reconstruction. 
St. Alexius had established a goal of 80% patient satisfaction in the 
categories of activities, ambulation, and transfers which equates to ratings of 4 
and 5 on the 0 to 5 functional ratings scale. In each category, satisfactory ratings 
were achieved for the 17 subjects reporting. At one year after surgery no single 
category reported an average rating of less than 4.8. In terms of ability to 
perform daily functional activities, these subjects can be said to be performing 
with a high degree of satisfaction. 
40 
It is important to include not only clinically measurable data in outcomes 
studies, but also to determine the ability of patients to function in a satisfactory 
46 
manner in personal and occupational roles. Unfortunately, in most clinical 
practice these types of health status measures are infrequently used. The 
functional assessment included in this outcomes study fulfills this role although 
expansion to include emotional and social function, satisfaction with health 
status, and the ability to perform personally relevant activities would have made it 
a complete health status measure. Also, patients may further realize the benefits 
of surgery if this assessment were completed before as well as after surgery to 
illuminate the benefits of surgical intervention. For better comparison of findings 
at St. Alexius to those of other facilities or to other research studies, it may be 
wise to consider using a functional assessment form or knee rating scale already 
published and tested for reliability and validity. 
The four square single leg hop test was designed to test the stability of the 
involved extremity during single leg hopping maneuvers. Specifically, it was 
devised to evaluate neuromuscular coordination and response via 
mechanoreceptors. Based on neuromuscular physiology, the athletic trainers 
and physical therapists at the Sports Institute felt that this test was functional in 
47 
nature and replicated the skills needed for return to sports. It is less stressful, 
requires increased velocity, and a quicker response than other commonly used 
42 
functional tests such as the three hop jump, vertical hop, and long jump. 
The goal of the four square test was to determine the ability of the 
involved leg to perform at least 80% as many repetitions in 20 seconds as the 
uninvolved leg . The results of this study showed performance well in excess of 
the 80% goal on average. Hopping in a side to side direction from square 1 to 4 
41 
appeared to be the most easily accomplished of the three tests and resulted in 
the surgical extremity actually outperforming the normal extremity by 4%. 
Hopping in a diagonal direction from square 1 to 3 resulted in an impressive 
98.7% performance compared to the normal leg and forward to backward 
hopping from square 1 to 2, while coming in with the lowest score, still boasted a 
97.7% performance. 
This test appears to simulate high speed sporting maneuvers requiring 
quickness, coordination and proprioceptive response. Future studies should be 
aimed at correlating the results of this test to functional and sporting 
performance. Additionally, it may be interesting to correlate the results of this 
test and the results of high speed isokinetic testing which is purported to test 
endurance and functional ability. 
Clinical Visits 
Private insurance guidelines for one of the largest carriers in North 
Dakota, allowed up to three months coverage for ACL rehabilitation following 
surgical intervention. Therefore, it was important to use the results of this study 
to determine the clinical picture of patient outcomes at three months when 
insurance would typically expire for patients utilizing this carrier. At three 
months, were patient outcomes satisfactory and had they reached a point where 
physical therapy intervention was no longer necessary? The results of this study 
indicate that patients were indeed falling within the parameters of satisfactory 
outcomes as established by st. Alexius and published research, and measured 
through range of motion, graft laxity, isokinetic testing, and function. Yet even 
though positive clinical outcomes were seen for the "average" individual at three 
months,' patients were seen in the clinic beyond this time frame. 
42 
At three months, patients were seen an average of 9.3 (± 9) times. For 
the total number of visits throughout the rehabilitation period, the mean shifted to 
16.2 (± 14). Looking more closely at the total number of clinical visits, 
approximately 50% of subjects were seen 10 times or less suggesting that a 
large number of patients were actually discharged by 12 weeks. For the 
remainder of the group who continued to be seen, a great deal of variability in the 
number of additional visits was noted. One subject returned 64 times but no 
explanation was provided on the outcomes collection form. Without this chart, 
the average number of clinical visits would have been reduced to 14.2. 
Recent changes in insurance coverage for this carrier are being instituted 
and will allow 18 clinical visits or 180 days of coverage (whichever comes first) 
for patients undergoing ACL reconstruction. Had the subjects in this study fallen 
under the new guidelines, the majority would have been covered for physical 
therapy services. However, 10 of 25 individuals were seen beyond the 18 visit 
allowance and would have required additional substantiation for reimbursement. 
48 
In 1996, the North Dakota Physical Therapy Association (NDPTA), 
surveyed physical therapy providers throughout the state as part of a project 
regarding practice parameters. Seven providers and 246 subjects reported an 
average of 11.6 patient visits for surgical reconstruction of the ACL. Therapeutic 
Associates49 published a guide for accelerated ACL reconstruction rehabilitation, 
which contained a recommendation of 13 clinical visits. Based on the findings of 
this study, the average number of clinical visits exceeded both NDPTA48 findings 
and Therapeutic Associate49 recommendations, appearing as though an 
unsatisfactory outcome in the number of clinical visits was found for St. Alexius 
subjects. However, just as comparisons in KT-1 OOOTM and isokinetic values 
43 
between studies are difficult to make due to differences in study procedures, the 
same may be said with comparisons in number of clinical visits between facilities. 
Through personal communication (Mabey, 1997), it was discovered that 
the control variables between the NDPTA48 study and the St. Alexius study were 
very different. Because outcomes were not considered in the NDPTA48 survey, 
the performance level of their subjects was unknown. Additionally, subject charts 
were selected based on ICD-9 codes alone with no regard to further criteria for 
subject selection. Given these differences, as well as those between this and 
other studies, comparisons in the number of visits should be made with caution. 
Overall Outcomes 
Overall, this group of patients achieved satisfactory outcomes, as defined 
by St. Alexius goals, in all measurements and ratings analyzed with the 
exception of the number of clinical visits and the quadriceps peak torque to body 
weight ratio. The results of this study suggest that some patients may have 
required more clinical treatments than desired by The Institute of Sports Medicine 
and/or third party payers. However, while data such as the number of clinical 
visits is important to track, it may have limited meaning because of the 
23 
differences in research design and variables between patients. The most 
important concepts resulting from this outcomes analysis are the following: (1) 
understanding of current practice patterns to determine the need for review and 
adjustment, (2) awareness of expected patient progression to provide earlier 
intervention if progress is not being made, and (3) ease and confidence in 




The results of this study will ultimately, and most importantly, affect 
patients receiving physical therapy at St. Alexius following surgical ACL repair. 
By knowing in advance the options and expected course of rehabilitation, 
patients become active participants in treatment planning. Feeling as if they 
have some control over their rehabilitation, they are more likely to have positive 
outcomes. 
The physical therapist, who is now made aware of the expected outcomes 
of ACL rehabilitation, is able to select the course of treatment which best suits 
the individual patient and will be alerted to deviations in progress. This data will 
also assist the therapist in formulating protocol for treatment of the ACL 
reconstructed patient. Based on the results of this research, areas of concern 
with current practice patterns can be addressed and treatment protocol can be 
adjusted accordingly, ensuring continual quality improvement. 
As a provider of care, St. Alexius Medical Center benefits in many ways. 
Given the patient benefits listed above, the hospital is more likely to have a 
satisfied customer who will return to their facility, should future medical services 
be needed. By monitoring outcomes, quality assurance is enhanced to allow 
compliance with JCAHO standards and insure hospital accreditation. 
Additionally, the medical center is more likely to receive reimbursement for 
services, while third party payer decisions regarding reimbursement are made 
easier. The collection of outcomes data lets managed care organizations know 
that St. Alexius is an organization who is aware of managed care, doing all they 
23 
can to participate. And finally, the hospital has the information needed to 
compare its ACL rehabilitation services with that of competition in order to keep 
45 
pace or perhaps set itself out from others as a leader in this area of rehabilitation. 
Without this research, St. Alexius takes the risk of losing all of these benefits for 
this group of patients. 
Each time physical therapy intervention can be substantiated as medically 
necessary and clinically effective, the physical therapy profession grows in 
credibility. This research study can only assist in this process. 
Finally, the health care system as a whole reaps the benefits every time 
medical providers undertake outcomes research such as this. Quantitative data 
about the benefits of care delivered will assist in building confidence in the 
24 
healthcare delivery system. With the current health care evolution underway, 
outcomes research appears to be the direction of the future. 
Limitations 
The original intent of data collection by the physical therapists at the 
Institute of Sports Medicine was for use in an internal outcomes analysis, not for 
use as a research study. Because of this fact, many variables existed in the 
methods of testing, evaluative techniques, and data collection. 
As previously stated ACL reconstruction was performed by one of four 
orthopedic surgeons. Surgical techniques were similar but were not controlled 
for consistency. In addition, several variables during surgery were not addressed 
such as the use of a tourniquet, the amount of time the patient was anesthetized, 
and additional surgical procedures such as meniscal repair or removal. Only 11 
of the 31 subjects had isolated ACL reconstruction. The remainder of subjects 
underwent a combination of various surgical procedures and to categorize each 
would have resulted in 11 different degrees of surgical intervention. The small 
sample size did not support this sort of division. 
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Many more than the 32 subjects selected had begun as participants. 
However, they had either not finished the one year post operative rehabilitation 
time frame, or they did not return for the 6 and 12 month gratis examinations. A 
larger sample size would have allowed for more definitive delineation of trends 
and comparisons and outliers would have had less an effect on outcomes. 
Outcome comparisons based on gender and patient age were not made 
secondary to this small sample size. 
Several limitations can be attributed to the subjects themselves. Factors 
which may have affected outcomes but were not readily available include the 
subject's level of function, degree of activity (including sports participation), 
psychological status, medical history, and compliance with their home program. 
These variables may have been documented in the complete patient chart but 
were not a part of the collection form. Also, post operative complications were 
not always noted on the outcomes collection form and as a result their effect on 
outcomes was not considered. Each and all of these factors may have played 
into the outcomes found. 
It has been suggested that less than full range of motion, hemarthrosis 
within the knee joint prior to surgical repair, and the time between injury and 
25,30,31 
surgery each heavily influence outcomes. Therefore, a frequency 
distribution for the number of days between injury and surgery was run. The 
information was available on only 18 subjects and reflected a minimum of 19 
days and a maximum of 35 years. Eleven of the 18 (61 %) had surgery within 6 
months and 14 (78%) within 1 year. Large differences were seen for the 
remaining 4 subjects. Because of the small sample size and wide range, an 
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average number of days between injury and surgery could not be given with 
confidence. Future St. Alexius outcomes studies may want to include this data. 
Opportunities for variability were inherent within the Institute of Sports 
Medicine as well. The data was gathered by several different physical therapists 
causing question with inter/intratester reliability in the use of their evaluative 
techniques and equipment. The form used to gather functional ability was 
developed by the therapists at the Institute and had not been tested for reliability 
and validity. The four square hop test used to determine surgical knee dynamic 
stability has undergone research within St. Alexius for reliability and validity 
however the results are unknown at this time. 
Other measurements, both subjective and objective, were gathered but 
not analyzed for this study due to the enormous amount of data which would 
have resulted. These include, but are not limited to, patellar mobility, pain, joint 




This outcomes analysis will assist in illumination of practice patterns and 
provide a measure of clinical effectiveness for The St. Alexius Institute of Sports 
Medicine. Although outcomes research is the most effectual method of 
substantiating treatment and is a desired component of any well run health care 
facility, the results of outcomes research are not meant to be used as strict rules 
to which all clinicians must adhere. Instead, the results of this analysis are 
meant for use as a yardstick for progression of individual patients and for 
comparison of current practice to that of the competition. The resulting clinical 
picture of the typical ACL surgical patient will provide guidance and reassurance 
that the care given is of top quality, as reflected in patient outcomes. 
Not only will the results of this study be useful as an internal measure, but 
they will also be an informative tool for substantiating treatment to third party 
payers. With the advent of managed care, it is important that St. Alexius has this 
information to corroborate treatment decisions and to assist in requesting 
treatment beyond insurance guidelines. 
The general finding from this study is that The Institute of Sports Medicine 
achieved satisfactory longitudinal outcomes (one year post surgery) in the vast 
majority of clinical parameters analyzed . On average, range of motion 
measurements were within normal limits and protocol goals. Knee laxity 
measured with the KT-1000TM displayed an acceptable anterior displacement 
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value indicating graft stability. Cybex isokinetic testing revealed strength gains in 
quadriceps and hamstrings throughout the rehabilitation period and values for 
peak torque, total work, and hamstring to quadriceps ratio were all within protocol 
goals and comparable to preceding studies. Subject assessment of function 
during daily activities was highly rated and objective functional hopping test 
scores strongly indicated stability, coordination, and proprioception in the surgical 
extremity. 
Outcomes in two areas were cause for some concern. Questionable 
outcomes were found in the isokinetic measurement of quadriceps peak torque 
to body weight ratio. Comparisons to St. Alexius goals, previous studies, and the 
opposite extremity revealed a deficit of between 11 % to 31 %. Cybex tests 
indicated continued quadriceps strengthening during the rehabilitation period 
however, the level of strength gain could have been greater to enhance this ratio. 
The average number of clinical visits was the second finding which may 
require further investigation. Future research should be targeted toward a larger 
sample size, determination of the reason for extended clinical visits, and 
comparison to other studies which have similar design and controls, and which 
encompass complete outcomes data. 
The patients in this study were treated at the Institute of Sports Medicine 
and appeared to be satisfied with their ability to function in daily activities as 
reflected in their functional self-assessment scores. Patients who participated in 
the functional hop test demonstrated this ability by performing demanding 
functional maneuvers on an extremity which had been subject to an invasive 
surgical procedure. 
Although sample size did not allow for delineation of outcomes for specific 
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surgeons, it was still helpful to see the positive outcomes for patients who 
underwent a process which began under the surgeon's skilled hands. Outcomes 
are only as good as the surgical procedure will allow. ACL laxity values were 
relatively small for the group and patients were able to gain sufficient knee range 
of motion, both of which allowed a satisfactory return to activity. 
Extreme scores were seen in most categories. Because each patient 
scenario is unique, it is not uncommon to see patients with complications or even 
those who exceed all goals. The most important question is how the problems 
were addressed by the physical therapists during the rehabilitation process. 
Therapists at the Sports Institute have no doubt already been able to recognize a 
patient who was not meeting goals and expectations. However, with the clinical 
synopsis this study provides, perhaps the therapists will now have a better feel 
for patient progress as a whole and will have a quick reference for expected 





ACCELERATED ACL RECONSTRUCTION PROTOCOL 
BONE TENDON BONE 
REVISED FEBRUARY 1995 
PRECAUTIONS 
1. Monitor development of patellofemoral irritation. 
2. Avoid active quadriceps strengthening from 40 degrees to 
terminal extension until 6-8 weeks postop in which we may 
gradually begin progressing patient past 40 degrees. At 
8-12 weeks postoperatively, we have good bony healing but 
we do want to continue to emphasize caution with knee 
extension exercise past 30-40 degrees from terminal extension 
due to shear stress on the graft. 
3. Implement meniscus repair precautions if included in this 
procedure. 
4. When using anti-shear device for quadricep and hamstring 
strengthening, loosen top strap to negate anterior drawer 
effect caused by hamstring contraction. 
PATIENT EDUCATION 
Pre-Operative: 
1. Anatomy and existing pathology 
2. Surgical technique 
3. Precautions/activity modification 
4. C. P . M. / - " ...... '. r", . 1..l>-.r - ,, ; 0 1" uS <: J. l, '; A \ \ ,', use/purpose ,,-~l : . , d.; .)CL~"I\\.. ,,,\)'.} ~ya; v
5. Bracing - Please fit with Century Brace. 
donning and doffing the brace. 
900 Easl Broadway Box 5510 








A. Brace stops: Order specific. 
o to full extension. 
In general, stops will be 
B. If reconstruct is a redo, use patient·s old brace. 
6. Review exercises - have patient demonstrate them. 
7. Crutch fitting - patient demonstration on level surfaces and 
stairs. Weightbearing will be ordered specific; ho .... ever, in 
general will be part·i-al · .... eightbearing up to 50/:. 
Post-Operative: 
1. Surgical Technique 
2. Precautions/Activity Modification 
3. Rehab Schedule 
4. Bracing - review donning and doffing instructions. 
A. Check bracing stops. Will be order specific; however, in 
general will be 0 to full flexion. 
5. Approximate time frames for return to activity 
6. Use of cryo-cuff or ice pack. 
REHABILITATION SCHEDULE 
Post-Op Day 1 to Discharge: 
1. C.P.M. 0-60 degrees or flexion to comfort (may be more or 
less) · ·c . ...;(\ ,-~'-;:~.:. ,., \.. .',: , C (~-/ 
2. Cryo-cuff 
3. Weight bear parameters - Patient will be allowed to .... eightbear 
as tolerated no more than 50'l. body weight. Instruct in use 




4. Passive extension to 0 
5. Active/passive knee flexion 
6. Patellar mobilization in all four planes 
7 . Standing straight leg raise ~ithout brace 
8. Quad sets 0, 50, 70, and 90 degrees (Rule of 10s). 
emphasis placed on quad control. 
9. Hamstring sets at 20 degrees 
10. Bracing 
Special 
A. Brace to be ~orn in unsafe environment. 
~hen in bed. 
May be off 
B. May modify patient's brace use as per patient comfort 
level ~ith indoor activities at 2 ~eeks. 
Home Instruction: 
1. Continue all exercises on home program sheet. 
2 . Continued emphasis on full passive knee extension (Implement 
to~el extension stretches or prone hangs if early excessive 
restriction is noted.) 
3. Continue standing straight leg raises - add supine SLR ~ith 
knee in 30-40 degrees .of flexion to protect the graft. 
(Progress to sitting flexed SLR. ) 
4. Patellar mobilization - hold stretch time to increase 
mobility. 
5. Progressive ~eightbearing up to 50/. by t~o ~eeks. 
6. It ~ill be the responsibility of the attending hospital 
physical therapist to set up a one ~eek postop outpatient 




NOTE: If distance factors do not permit the one ~eek 
outpatient follo~up, then the first outpatient visit 
~ill be after the t~o ~eek orthopaedic recheck as 
previously. 
7. Proper instruction in donning and doffing of the 3-D brace I 
postop brace is imperative prior to discharge. 
Post-Op Days 7 Through 10: 
1. If the patient is having problems ~ith initiating quadriceps 
contraction, we may use a Respond Unit/Biofeedback Unit for 
muscular re-education on a p. r. n. basis. (This is not to be 
used as a routine procedure.) 
2. RON goal is 0-10 degrees to 90-100 degrees. 
A. Prone hangs and towel extension stretches to assist 
extension return to 0 
B. Wall slides, heel slides, active assisted flexion to 
work on knee flexion return 
C. Biking to assist RON return 
3. Continue with progressive weight bearing as tolerated up to 
50'l.. 
4. Provide patient ~ith Redi-Grip for compression wrapping as 
per physician preference. 
NOTE: Patient followuprechecks will be for the assessment 
of: 
1. Quad function 
2. ACL stability 





Weeks 2 Through 3: 
1. ROM goal is 0 - 5 degrees to 110 degrees. 
2. Weight bear status - progress to 75'l. body \leight. You may 




B S\limming (AROM and \lalking initiated at this point. ) 
C. Hamstring curls isokinetic/isotonic 
D. Sitting progressing to standing partial \leightbear 
BAPS board 
E. Cybex multiple angle isometrics initiated \lith quadriceps 
\lith proximal tibial pad placement. 
F. Multi-hip strengthening with Sportscord - above knee 
placement 
G. Gastroc/soleus flexibility and strengthening - to be 
performed nonweightbearing initially with progression 
to \leightbearing 
H. Start closed chain eccentric strengthening for quadriceps 
(wall sits, leg press). Start by doing bilateral quarter 
squats. 
I. Single leg sweeps on the treadmill 
Weeks 4 Through 5: 
ROM goal is 0-5 degrees to 120-130 degrees. 




BRACING - To be worn the first 6-8 weeks only 




1. Bilateral quarter squats, bilateral calf raises, both 
concentric and eccentric 
2. Bilateral leg press 90-10 degrees 
3. Two inch forward stepups 
4. Stairmaster/Versa-Climber (4-6 inch steps) - light 
resistance initially 
5. Retrograde ambulation 0-10Y. elevation. 
6. Transfer to Human Performance Center . for .further progression. 
-" ", . ' . .. ..... . 
Weeks 6 Through 10: 
ROM goal is 0-130 degrees. 
BRACING - As indicated in previous stage 
WEIGHTBEAR STATUS - Full 
KT 1000 - Initial assessment at six weeks at all levels 
except maximum manual displacement. 
Treatment Additions: 
1. Unilateral quarter squats and calf raises 
2. Pool walking progressing to running and flutter kicking 




4. T~o inch lateral and back~acd stepups 
5. Quadriceps eccentrics 90-10 progressing to 0 degrees 
<closed kinetic chain initially and incorporating open 
kinetic chain eccentrics only if substitution pattern 
noted). 
6. Continue weight room/inhouse activities 
7. Continue pool activities as per availability 
8. Treadmill gait training - forward and back~ard ~alking 
on level ground - can progress to 5-101. elevation as 
tolerated 
9. Submaximal quadricep extensions isotonic and isokinetic 
90-40 degrees - proximal tibial pad placement or anti-
shear device for quadriceps strengthening if substitution 
pattern noted on closed chain activities. 
10. Single limb Stai~ Stepper 
• <; :-.: :. ' ~ ( .\ :- • ~~~ ::-. ;. • • .. • 
11. Single limb leg press 90-10 degrees 
12. Multi-Hip machine - strengthen only the involved extremity 
due to rotary stress that would be caused from strengthening 
the uninvolved on this apparatus 
Weeks 10 Through 16 
1. Resisted lateral stepups, lunges, and single leg squats 
on plyo-platform. 
2. Single leg pushes on super treadmill - can progress to 
Sportscord resisted single leg pushes 
3. 
4. 
Leg press 110 to 10 degrees. 
Treadmill 
201. grade. 




• • • .• . , ... . :-r . ~t.':'!."'.:'*"'!bR:\4 •... 
5. Isokinetic evaluation with 30 degree extension block at 
50, 180, and 300 degrees per second. When strength is 70Y. or 
greater than the uninvolved knee, p~tient may initiate low 
grade functional activities: 
A. Lateral shuffles - running from side to side not allowing 
legs to cross the mid line of the body 
8. Cariocas 
C. Rope jumping 
D. Light jogging 
E. Ramp running 
F. Plyometrics - level ground patterns initially done with 
both legs 
4 Months Postoperative: 
1. Full ROM isokinetic evaluation at 50, 180, and 300 degrees 
per second at therapist discretion. If patient is BC/BS, we 
will need prior approval from insurance company. 
2. Progression to functional activities - including a running 
program: 
A. Figure-of-eights 
B. Zig-zag cuts 
C. Backward running, incline at grades of 20Y. and higher for 
quadricep emphasis. 
D. Jogging as tolerated with progression to 1/2 and 3/4 
speed with final progression to full speed sprinting 
activities. 
E. Lateral shuffles with Sportscord resistance 
3. Plyometric progression to block/box jumping - can also 
add Sportscord resisted plyometric activity. 
60 
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4. Initiate light weight plyo-press jumping. 
5. Progression with functional rehabilitation including: 
A. Smaller diameter figure-of-eights 
8. Sharper ankle zig-zag cuts including 90 degree angle. 
C. Progression with forward and backward running activities 
progressing to full speed. 
RUNNING CRITERIA: 
1. Quadricep peak torque to body weight ratios: 
a. 60-65Y. at 180 degrees per second 
b. 45-55Y. at 300 degrees per second 
2. Hamstring peak torque 
a. 70Y. of uninvolved at 180 degrees per second 
h. 75Y. of uninvolved at 300 degrees per second 
3. Hamstring/quadricep ratio 
a. 80Y. at 180 degrees per second 
h. 80Y. at 300 degre~s per second 
6 Months Postoperative: 
1. Patient may return to full activities if patient has met the 
following criteria: 
a. Full ROM 
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c. Good knee st.abili t.y 
d. Met isokinetic goals: 
1. Strength ratio of 90-100'l. at each speed 
(60, 180, 300). 
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LONGITUDINAL OUTCOME STUDY 
ACL RECONSTRUCTION PROTOCOL 
NAME OF PATIENT ______________________________ ~~--~------------~----~----
Doctor _______________________________ DOS ____ ~/ ____ ~/ ____ DOI I I 
Preoperative Diagnosis: __________________________________________________ ___ 
Surgical procedure: ________________________________________________________ _ 
Surgical Complications: __________________________________________________ ___ 
Age of Patient Sex _____ Involved Side _____ Dominant Side ________ _ 
Occupational Injury - Yes _____ No ____ _ Occupation __________________________________________________________________ __ 
S po rt In jury - Ye s No S po rt ____________________________________ __ 
Injury from other cause (please state) __________________________________ _ 
HOSPITAL DISCHARGE/PREOP 
Date I I Protocol Tit1e/Date ____________________________ ___ 
Check off if complete and appropriate situation: 
_____ Pt. was given all protocol instructions prior to: 
surgery . 
discharge. 
_____ Pt . achieved all discharge/ preop parameters 
satisfactorily . 
Al t era t ions from prot oco 1 _______________________________________________ _ 
PHASE ONE: 
Date __ ~-- Protocol Date ______ _ 
Neuro Check _______ _ 
Pain Scale~-------
Joint Effusion (measured mid patella) cm. 
Opposite Side cm . 
Weightbearing (estimate percentage) % 
As sis t i ve Devi ce ______________________ _ 
Passive Extension ____ __ 
Passive Flexion ____ __ 
Active Flexion __ ~--
Satisfactory Quad Function - Yes No ____ _ 
complications/Comments: 
Data Logged: _______ Yes _______ NO 1# of Visits: 
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PHASE TWO: (7TH TO 10TH DAY) 
Date Protocol Date ______ _ 
Pain Scale ________ _ 
Joint Effusion (measured mid patella) cm. 
Opposite Side cm. 
Weightbearing (estimate percentage) ~ 
Assistive Device ______________________ _ 
Passive Extension ____ __ 
Passive Flexion ____ __ 
Active Flexion ______ _ 
Satisfactory Quad Function - Yes No ______ _ 
Lachman's Test ______ _ 
Patellar Mobility (include form) 
Complications/Comments: 
Bilateral Movements Taken: _______ yes No 
Data Logged: Yes No ## of Visits: 
PHRASE THREE: (3RD WEEK) 
Check One: Clinical Care Home Program ______ _ 
Do you use: Cane ____ , Crutches ____ , walker ____ t Nothing Required ____ _ 
Date Protocol Date ______ _ 
Pain Scale ______ __ 
. ~oint Effusion (measured mid patella) em. 
:' Weight Bearing Status % 
Passive Extension ____ __ 
Active Extension ____ __ 
Passive Flexion ____ __ 
Active Flexion ______ _ 
Satisfactory Quad Funetion ______ _ 
Lachman's Test End Feel ________________________________________________ ___ 
Patellar Mobility (include· form) 
Manual Muscle Testing (Hamstrings "H") 
______ 5 Complete range of motion against gravity with maximum 
resistance 
______ 4 Complete range of motion against gravity with moderate 
resistance 
______ 3 Complete range of motion with gravity 
______ 2 Complete range of motion with gravity eliminated 
______ 1 Evidence of slight contraction, but no joint motion 
______ 0 No contraction palpated 
Complications/Comments: 




PHASE FOUR: (5TH WEEK) 
Clinical Care Home Program ____ __ 
Date Protocol Date ______ _ 
Pain Scale . 
Joint Effusion (measured mid patella) cm. 
Do you use: Cane ____ , Crutches ____ , Walker ____ , Nothing Required ____ _ 
Weightbearing Status % 
Passive Extension ______ _ 
Active Extension ____ __ 
Passive Flexion ______ _ 
Active Flexion ______ _ 
Satisfactory Quad Function - Yes No ______ _ 
La c hman ' s Te s tEnd Fee 1 ____ :-:-__ -::---:-__ -::--__ -:--__________ --:-__________________ _ 
Patellar Mobility (include form) 
Manual Muscle Testing (Hamstrings "H") 
______ 5 Complete range of motion against gravity with maximum 
resistance 
______ 4 Complete range of motion against gravity with moderate 
resistance 
______ 3 Complete range of motion with gravity 
______ 2 Complete range of motion with gravity eliminated 
______ 1 Evidence of slight contraction, but no joint motion 
______ 0 No contraction palpated 
Complications/Comments: 
Data Logged: _______ yes _______ No # of Visits: 
PHASE FIVE: (12TH WEEK) 
Check one: Clinical Care ____ __ Home program~ ____ _ 
Date______ Protocol Date ____ _ 
Pain Scale ________ _ 
Passive Extension ______ _ 
Active Extension ______ _ 
Passive Flexion ______ _ 
Active Flexion ______ _ 
Satisfactory Quad Function - Yes ______ _ No ______ _ 
Lac hman ' s Te s t End Fee 1 ____ --:-____________________________________________ _ 
Patellar Mobility (include form) 
K.T. Test (include form) (Do not use Lachman or active test) 
Gait Assessment (include form) 
Isokinetic Test Quadriceps and Hamstrings, (60 0 /180 0 /300 0 with 
anti-shear and last 30 0 blocked) (include short form) (performed at 
12-14 weeks postoperative) 
Complications/Comments: 
Data Logged: _______ yes ______ NO It of Visits: 
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SIX MONTHS POST SURGERY 
Current Symptoms: (check each one that applies) 
Pain Scale Unusual Sounds ___ Joint Going Back In __ _ 
Swelling Joint Locking Up Inability To Move __ _ 
Stiffness Joint Giving Way __ _ 
Passive Extension ____ _ 
Active Extension ______ _ 
Passive Flexion ______ _ 
Active Flexion ______ _ 
Isokinetic Test (Quadriceps/Hamstrings (include short form) 
La chma n I s Te s t End Fee 1 ____ --:-____________________________________________ _ 
Patellar Mobility (include form) 
K. T . Test (include form) 
Functional Tests (include form) (do not use single leg hop test) 
Complications/Comments: 
Functional Assessment: 
Data Logged: Yes 




Current Symptoms: (check each one that applies) 
Pain Scale Unusual Sounds ___ Joint Going Back In. ______ _ 
Swelling Joint Locking Up Inability To Move __ __ 
Stiffness Joint Giving way ______ _ 
Passive Extension. ______ _ 
Active Extension _____ _ 
Passive Flexion ______ _ 
Active Flexion. _____ _ 
Isokinetic Test (Quadriceps/Hamstrings) (include short form) 
Lac hman I s Te s t End Fe e l ____ ~------:---_=__---:----------------------------
Patellar Mobility (include form) 
K.T . Test (include form) 
Functional Tests (include form) 
Complications/Comments: 
Functional Assessment: 
Data Logged: Yes 




Current Symptoms: (check each one that applies) 
Pain Scale Unusual Sounds Joint Going Back In __ __ 
Swelling ___ Joint Locking Up ____ Inability To Move __ _ 




Passive Extension ___ _ 
Active Extension ____ _ 
Passive Flexion ____ _ 
Active Flexion ____ _ 
Isokinetic Test (Quadriceps/Hamstrings) (include short form) 
Lachman's Test~ __ _ 
Patellar Mobility (include form) 
K.T . Test (include form) 
Functional Tests (Include Form) 
Complications/comments: 
Functional Assessment: 









FUNCTIONAL ASSESSMENT FORM 
DATE: 
NON-SPORT INJURY SATISFACTORY NON-SATISFACTORY 
AMBULATION 
Level Ground NA 5 4 3 2 l. 
Stair Climbing - NA 5 4 3 2 l. 
(alternating up/down) 
Distance NA 5 4 3 2 l. 
TRANSFERS 
Toilet NA 5 4 3 2 l. 
Tub NA 5 4 3 2 l. 
Chair NA 5 4 3 2 l. 
Car NA 5 4 3 2 1. 
DAILY ACTIVITIES 
Dressing NA 5 4 3 2 + Work NA 5 4 3 2 .,~I .. 1 
Recreation NA 5 4 3 2 l. 
SPORT INJURY 




FUNCTIONAL TEST FORM 
FOUR SQUARE TEST - SINGLE LEG 
1 to 4 
1 to 2 









______ Jog less than 7 blocks? 
______ Run less than 7 blocks? 
______ Jog greater than 7 blocks? 
______ Run greater than 7 blocks? 
______ Jog greater than 14 blocks? 





Can you cut with these or any activities? Yes ____ __ No ____ __ 
Do you need bracing support with any activity? Yes ____ __ 
}(A/MC/alr 
5/96 
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~XEMPT REVIEW REQUESTED UNDER ITEM A-- (NUMBER[S)) OF HHS REGULATIONS 
UNIVERSITY OF NORTH DAKOTA 
HUMAN SUBJECTS REVIEW FORM 
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PRINCIPAL 
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SCHOOUCOLLEGE: School of Medicine DEPARTMENT: Physical Therapy PROPOSED PROJECT DATES:6IJ/97 - 911/98 
PROJECT TITLE: Physical Therapy Outcomes in patients with Anterior Cmciate Ligament Repairs 
FUNDING AGENCIES (IF APPLICABLE): .lliA. 
TYPE OF PROJECT: 
DISSERTATION OR 
_ NEW PROJECT _ CONTINUATION _ RENEWAL _ THESIS RESEARCH ~ STUDENT RESEARCH PROJECT 
_ CHANGE IN PROCEDURE FOR A PREVIOUSLY APPROVED PROJECT 
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1. ABSTRACT: (LIMIT TO 200 WORDS OR LESS AND INCLUDE JUSTIFICATION OR NECESSITY FOR USING HUMAN SUBJECTS. 
As costs to provide health care increase, medical facilities are being held more accountable for the quality and effectiveness of the 
care they provide. The measurement of patient functional outcomes is one method used to be certain the objectives of treatment are 
being achieved. As a part of the health care system, the Physical Therapy profession is responding to the call of accountability, and 
has begun to focus on monitoring and demonstrating patient functional outcomes based on care provided. 
This research study is being conducted to assist one physical therapy provider in reviewing a group of its patients to ensure optimal 
functional outcomes. A chart review of information collected on patients at St. Alexius Medical Center in Bismarck, NO, will be 
performed. The patients in this study underwent surgical ligamentous reconstruction of the knee. At specific intervals of the 
physical therapy rehabilitation process, various measurements were recorded. The purpose of this study is to analyze this 
information to determine patient functional outcomes at various stages of the rehabilitation process, comparing outcomes between 
physicians and procedures. The results will be shared with st. Alexius for use in establishing protocol for future patient care, quality 
improvement and reimbursement. . 
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PLEASE NOTE: Only information pertinent to your request to utili7.e hum:1O subjects in your project or activity should be 
included on this form. Where appropriate attach sections from your proposal (if seeking outside funding). 
2. PROTOCOL: (Describe procedures to which humans will be subjected. Use additional pages if necessary.) 
TItis research study is being conducted to detennine the functional outcomes of SI. Alexius patients who have undergone anterior 
cruciate ligamentous knee reconstruction and subsequent physical therapy. Human subjects were originally seen by the physicians 
and physical therapists at SI. Alexius Medical Center during routine care following surgery. During specific phases of the 
rehabilitation process, various measurements were recorded by the physical therapists. TItese measurements will be compared 
between patients at three weeks, five weeks, six months and twelve months following surgery. An outcomes data base will then be 
developed for use in answering Questions such as the following: T . Do SI. Alexius' patient outcomes for this surgical procedure and 
rehabilitation compare with those found in research? 2. Does patient length of stay in the hospital and type of surgical procedure 
influence outcomes? 3. Is there a difference in outcomes ba~ed on the physician perfonning the surgery? The answers to Questions 
such as these will assist SI. Alexius in substantiating the need for the type of therapy provided and assist in future protocol 
development, ensuring the best patient care possible while using the most efficient methods of rehabilitation. 
The charts of these patients were selected for participation in this study based on the patient's choice of SI. Alexius as the provider of 
surgery and subsequent physical therapy. All patients undergoing this surgery and rehabilitation were invited by SI. Alexius to 
participate in a longitudinal outcome study and each signed a consent form indicating agreement. Data was collected on the 
attached outcome study fonn (Addendum I). by the physical therapists at this facility beginning in September 1995. as a course of 
routine care. All data gathered from that date forward will be utilized in this study. 
Information obtained from these outcome study forms will be analyzed using traditional statistical methods. 
3. DENEFITS: (Dcscribe the benefits to the individual or society.) 
While there are no direct benefits to individual patients whose charts are reviewed. they will receive the indirect benefit of knowing that their 
cooperation will assist future patients in receiving quality care. 
This data will be used by st. Alexius Medical Center to determine the most efficient method of providing patient care thus reducing 
the costs .to ;render this care. : TIle' savings will be seen by patients. third party payers (such as insurance companies, Workers 
Compensation and MedicarelMedic:iid), thi: medical facility and society as a whole. SI. Alexius will have information needed to 
provide the best possible care with an eye toward continual Quality improvement. benefiting future patients most. 
4. RISKS: (Describe the risks to the subject and precautions that will be taken to minimize them. The concept of risk goes beyond physical 
risk and includes risks to the subject's dignity and self-respect, as well as psycho-logical, emotional or behavioral risk. If data 
are collected which could prove harmful or embarrassing to the subject if associated with him or her, then describe the methods 
to be used to insure the confidentiality of data obtained. including plans for final disposition or destruction. debriefing 
procedures. etc.) 
Collection of the data by SI. Alexius was obtained during the course of standard patient care involving no extraordinary risk to the 
patients. Risks for the patients as a result of analysis of the data include that of confidentiality. which will be minimized as no 
individual names will be used, codes will be used to input the data, and the results will be reported in aggregate rather than 
individually. TIle original data collection forms will be maintained by SI. Alexius Medical Center and I will keep copies for a period 
of two years. 
5. CONSENT FORM: A copy of the CONSENT FORM to be signed by the subject (if applicable) and/or any statement to be read to the 
subject should be attached to this form. If no CONSENT FORM is to be used. document the procedures to be used to assure that infringement 
upon the subject's rights will not occur. 
Describe where signed consent forms will be kept and for what period of time. 
Consent forms for inclusion in this outcome study were gathered by SI. Alexius (Addendum 3) and are being maintained in their 
facility . No additional consent forms will be utilized for this chart review. 
1\ letter or agreement from · SI. Alexius Medical Center for participation in this study and use of patient data. is attached as 
Addendum 2. 
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h . For FULL fRO REVIEW forward J ~igned I)riginal md thirteen ( I) copies of this completed form . .md where applicable. thirteen ( I J 
<llrleS I)/" the proposed consent form. questionnaires. etc. and any supporting documentation to: 
Office of Research & Program Development 
University of North Dakota 
Bo)( 81 )8 . University Station 
Grand Forks. North Dakota 58202 
On campus. mail to: Office of Research & Program Development. Box 134. or drop it off at Room 10 I Twamley Hall. 
For EXEMPT or EXPEDITED REVmW forward a signed original and a copy of the consent fonn. questionnaires. etc. and any suppo 
documentation to one of the addresses above. 
The policies and procedures on Use of Human Subjects of the University of Nonh Dakota apply 10 all activities involving use of Human Subje 
perfonned by personnel conducting such activities under the auspices oftbe University. No activities are to be initiated without prior review , 







Training or Center Grant Director 
(Revised 8/i 
77 
06 / 1~ : 91 WED 1~:13 FAl 101 221 ~191 ST." SPORTS IIIED 
ST·ALEXIUS 
MEDICAL CENTER 
LO~GlTUDlHAL OUTCOME STODXKS 
A longitudinal Btudy was set up for a variety of diagnoses, 
specifically surgical procedures September 1, 1995 by St. AlexiuB 
Medical Center and the Institute or Sports Medicine. Outcomes, 
specific to physical therapy, have ~eeh set up to ~e followed up 
for two years post surgery. The studies monitored will include 
thoBe individuals who have undergone the following surgical 
procedures: achilles tendon repair, ACL reconstruction, Bankart 
repair, biceps tendon repair, Brostrom reconstruction, capsular 
shift, patellofemoral joint surgery, as well as rotator cuff 
repair. All subjects are notified of the study and will have a 
consent form filled out specifically when they go beyond the 
normal insurance reimbursable time table. please note that under 
no circumstances subjects will be exposed to any procedure or 
test which is beyond the normal protocol. 
Data compiled with the outcome studies will be kept within the 
Institute of Sports Medicine as well as original copies of 
specific tests during their normal rehab kept within the medical 
records department at St. Alexius Medical Center. Bone &. Joint 
Center will also be offering assistance in terms of the actual 
surgical procedures. 
. . :;". . ;.~ , ~ , " :) ! :, I.; : , ; ": ,": " .;; , ,: t: "F: .. \:: ,:: i ' o·l <-. : . 
This letter :ts ·,to : notifyc: those institutions which will be 
assisting in helping to compile this outcome data that 
individuals are fully aware of their participation in the study 
and again will be pue at no risk other than the normal rehab 
procedures during the compiling of this data. If any questions 
please call Kevin Axtman at 1-800-222-7858, assistant director at 
the Institute of Sports Medicine, also Doug Bradford, director of 
rehab services at St. Alexiu3 Medical Center at 1-701-224-7189, 
or Myron CUllen, assistant dire·ctor at the Human Performance 
ce~te~~'-22'-.'00. 
K;;() Axtman, PT/LATC £7a~~ 
I!Y.'~E 
III 002 
900 faSIBtOidwiY Box 5510 
8umartk. Nonh ~koIJ 58506·5510 
701 ·224-7000 
FAA 101·224·7284 
IOD 701 -224-7946 
.-,,~ 
78 
REPORT OF ACTION: EXEMPT/EXPEDITED REVIEW 
University of North Dakota Institutional Review Board 
DATE: July 10, 1997 PROJECTNUM~B~ER~: ____ ~I~R~B_-~97~0~7_-~O~0~6 ________________ ___ 
NAME: Tammy Reis DEPARTMENT/COLLEGE: Physical Therapy 
PROJECT TlTlE"..:.: __ -=-P.:..:h,,-y.::.s.::.i.::.c.::.a.::.l_T.:.h.:..:e=-=-ra::.p~y!....-O.:.u=-=-t c::.o.:..:m...:.e.:.s-=-----~.:..:· n~P:....a::.t.:..:i::.e:..:n.:.t.:..:s=---w-=i:....t.:..:h::......:..A:.:;n:..:t:..:e:..:r..:i:..:o..:r_=c:..:r..:u:..:c:..:i..:a..:t..:e-=.L~::.· 9=..a=m:::.e=n:.:.t=-__ _ 
Repairs 
The above referenced project was reviewed by a designated member for the University's Institutional Review Board 
on July 16, 1997 and the following action was taken: 
O Project approved. EXPEDITED REVIEW No. _____________________ --' Next scheduled review is on _______________________________________________ _' 
M Project approved. EXEMPT CATEGORY No. 
~tated in the Remarks Section. 
No periodic review scheduled unless so 
O Project approved PENDING receipt of corrections/additions. These corrections/additions should be submitted to ORPD for review and approval. This study may NOT be started UNTIL finallRB approval has been 
received. (See Remarks Section for further information.) 
O Project approval deferred. This study may not be started until finallRB approval has been received. (See Remarks Section for further information.) 
o Project denied. (See Remarks Section for further information.) 
REMARKS: Any changes in protocol or adverse occurrences in the course of the research project must be 
reported immediately to the IRB Chairperson or ORPD. 
cc: R. Mabey, Adviser 
Dean, Medical School 
If the proposed project (clinical medical) is to be part of a research activity funded by a Federal Agency, a special 
assurance statement or a completed 310 Form may be required. Contact ORPD to obtain the required documents. 
. (3/96) 
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LONGITUDINAL STUDY CONSENT FORM 
TilE RESUl,TS OF YOUR REHABILITATION PROCESS ARE BEING GATHERED AS 
Pl\RT OF A LONG TERM STUDY OF SURGICAL AND FUNCTIONAL OUTCOMES OF 
YOUR Pl\RTICULAR DIAGNOSIS. ONCE YOU HAVE COMPLETED YOUR 
FORMALIZED PHYSICAL THERAPY TREATMENT AND HAVE BEEN DISCHARGED 
FROM ST. l\LEXIUS MEDICAL CENTER, WE WOULD APPRECIATE THE 
OPPORTUNITY OF RETESTING YOUR STATUS AT 6 MONTHS, 12 MONTHS, AND 
24 MONTHS POST DISCHARGE. THESE LAST THREE VISITS WOULD BE FREE 
OF CHARGE AND ALL RESULTS WOULD BE MADE READILY AVAILABLE TO YOU. 
WHEN UNDERGOING THESE TESTS, THERE ARE CERTAIN INHERENT RISKS 
WHICH INCLUDE THE POSSIBILITY OF MUSCLE AND LIGAMENTOUS INJURY. 
YOU SHOULD EXERT YOUR BEST EFFORT THROUGHOUT THE EVALUATION BUT 
AT NO TIME ARE YOU EXPECTED TO EXPERIENCE ANY INCREASE IN PAIN 
OR DISCOMFORT BEYOND A LEVEL YOU FEEL YOU CAN COMFORTABLY 
TOLERATE. AT NO TIME WILL YOU BE FORCED TO PERFORM ANY TESTS 
WHICH YOU DO NOT WISH TO PERFORM AS YOU ARE IN CONTROL OF THE 
TESTING AND MAY STOP WHENEVER YOU FEEL THAT YOU SHOULD NOT 
PROCEED. IF WE SEE YOU EXERTING EFFORTS, WHICH IN OUR OPINION 
MAY PLACE YOU IN DANGER, WE WILL STOP YOU. 
BASED ON THE ABOVE INFORMATION ,THAT, .1 HAVE READ AND UNDERSTAND, 
I AGREE TO PARTICIPATE IN THIS LONGITUDINAL STUDY. 
Dl\TE 
PARTICIPANT SIGNATURE 
900 Easl Broadway Box 5510 
Bilmarck, NOllh Dakola 5850n51O 
701 224.1000 
FAX 701 ·210284 
TOD 701·124·7946 
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September I G, 1997 
Sue Jacobs, PhD 
UND Institutional Review Board 
Office of Research & Program Development 
University of North Dakota 
Box 8138 University Station 
Grand Forks, ND 58202 
Dear Ms. Jacobs: 
This information is being submitted as an addendum to project number IRB-9707-006. I received 
approval on July 16, 1997 for an independent research study entitled Physical Therapy Outcomes in 
Patients with Anterior Cruciate Ligament Repairs. This study is being conducted as a chart review for 
patients who had received care at St. Alexius Medical Center in Bismarck, ND. 
Prior to completion of the original Human Subjects Review Form, I was assured by St. Alexius that data 
had not been collected on minors . Upon actual review of the patient charts, I have discovered that 5 of the 
32 charts contain information gathered from patients under 18 years of age. St. Alexius did collect 
consent forms for each which are located at their facility. 
At this time, I am requesting permission to include the information gathered from the minors' charts as 
part of the database for my study. Since they constitute a fair percentage of my subjects, inclusion of 
information from their age group is important to the outcome. 
I look forward to your approval and thank you in advance for your consideration of my request. 
Sincerely, 
Tammy Reis, BS PT 
c: Renee Mabey, Adviser 
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REPORT OF ACTION: EXEMPT/EXPEDITED REVIEW 
University of North Dakota InaUtuUonal Review Board 
DATE: September 16. 1997 PROJECT NUMBER:, __ ......;.;.I.;.;R~B_-.;.;9_7 O..;,.7_-_0;...O;...6~ ________ _ 
NAME: Tammy Reis DEPARTMENTICOLLEGE:~_~P~h~y~s~i~c~a~l~T~h=e~r=a~p~y ________ ___ 
PROJECT nnE: Physical Therapy Outcomes in Patients with Anterior Cruciate Ligament 
Repairs (Protocol Change) 
The above referenced project was reviewed by a designated member for the University's Institutional Review Board on 
September J 7 1997 and the following action was taken: 
D Project approved. EXPEDITED REVIEW No. ___________ ' Next scheduled review is on _______________________________ _ 
~ct approved. exEMPT CATEGORY No. CL . No periodic review scheduled unless so 
, - \:~d in the Remarks Section. T 
D Project approved PENDING receipt of corrections/additions. These corrections/additions should be submitted to ORPD for review and approval. This study may NOT be started UNTIL flnallRB approval has been received. 
(See Remarks Section for further information.) 
D Project approval deferred. This study may not be started until flnallRB approval has been received. (See Remarks Section for further information.) 
D Project denied. (See Remarks Section for further information.) 
REMARKS: Any changes in protocol or adverse occurrences In the course of the research project must be reported 
immediately to the IRB Chairperson or ORPD. 
cc: R. Mabey. AQviser 
Dean. Medical School 
If the proposed project (clinical medical) is to be part of a research activity funded by a Federal Agency, a special 
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